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ABSTRACT 


The present work is concerned with the determination of an inventory of diatoms of two rivers of Morocco, Oued 
Beht and Oued R'dom to the levels of two riverine cities Sidi Slimane and Sidi Kacem. The harvested spring 
algal flora is composed of 93 species and varieties of species belonging to 11 orders of which the most 
represented in families are the orders of the Naviculales and Cocconeidales. In total 16 families are identified, 
which are subdivided into 25 genera. The families of Fragilaceae, Gomphonemataceae, Naviculaceae, 
Bacillariaceae, Achanthaceae have two genera each. The genera specifically the more rich are Nitzschia, 
Navicula and Gomphonema. The taxonomic structure of diatomic communities varies significantly from 
upstream to downstream of the riverine cities studied, but the variation is clearer when one considers the 
abundance of species. The discharged industrial and urban wastewater at the level of each city, the activity of 
cleansing performance of the river and the variation of responses of species, or varieties of species, to different 
physico-chemical conditions along the course of water are the main causes. Results of the index of diversity of 
Shannon-Wiener are in agreement with this result and the calculated equitabilities in the stations of each river 
do not differ much from a station to another, because, when in a biotop the effectives of some species are 


declining, those of other species are increasing. 
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INTRODUCTION 


The diatoms constitute a group of unicellular algae 
very rich in species able to colonize wetlands sailors, 
continental brackish or fresh water. They are present in 
all ranges of water quality, ranging from free sources of 
pollution until the waters most degraded. But, according 
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to the degree of this quality, the qualitative and 
quantitative structure of the diatomic communities is not 


the same (Lowe and Pan 1996, Kelly et al., 1998; 
Prygiel et al., 1999; Stevenson and Pan, 1999). So, 
bogs, waters limestones, brackish water, thermal 
waters, and polluted waters have of diatomic 
Populations quite systematically different (Nigorikawa, 
1998; Brown-Beverly and Olive-John, 1995; Lobo et al., 
2004; Rimet et al., 2004). In addition, the taxonomic 
structure of diatomic communities is very sensitive to 
the conditions of the environment. So, in a given 
biotope, the taxinomic structure of benthic diatoms 
allows the determination of the quality of the water of 
the environment; This operation is also possible by 
using the morphological characteristics of their test 
(Sanchez-Saavedra, 2006; Tapia, 2008). Many species 
of diatoms are therefore excellent biological indicators 
of the waters of their living environment including the 
degree of pollution of such waters, their salinity, their 
pH (Lowe and Pan 1996, Kelly et al., 1998; Prygiel et 
al., 1999; Stevenson and Pan, 1999). 
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Moreover, by their great richness, their taxonomic 
diversity and the diversity of their living environment, 
diatoms have been exploited to develop indices to 
assess the biological quality of their biotope of life. In 
France for example, since the 1979, different diatomic 
indexes have been exploited including the index of 
Polluo-specific sensitivity (IPS). But, since 1999, an 
index is more efficient, the index diatomic biological or 
IBD, has been designed and developed by the Water 
Agencies in France and the Cemagref (Prygiel and 
Coste, 1999; AFNOR, 2000; AFNOR, 2003) to become 
the habitually used index in France and to be the 
standardized French method to evaluate biologically the 
quality the aquatic environments. However, although 
this index is considered as the French method 
standardized to approach the assessment of the 
biological quality of the aquatic environments, its 
reliability is lower in the case of the evaluation of the 
biological quality of the waters of other Country. As well, 
to have a better estimate of the organic quality of its 
own waters, each country or each ecological zone must 
seek its own IBD. However, any development of IBD 
the country begins first of all by the constitution of a 
data bank grouping the taxonomic structures of a large 
number of diatomic communities of the country and the 
respective ecological conditions to these communities. 

It should be noted that in Morocco, the using of the 
French diatomic index to assess the quality of the water 
has been tried by Fawzi et al. (2001, 2002). But, until 
today, no Moroccan index has been developed for this 
objective. So, for the development of such index a 
constitution of a data bank of the ecology of species 
diatomics is, therefore, necessary (Yuzao et al., 1998; 
Nigorikawa, 1998; Lobo et al., 2004; Cunningam et al., 
2005). As well, to contribute to the development of this 
objective, the present work is interested in the 
determination of an inventory of the Spring diatomic 
species in two rivers: Oued Beht and Oued R'dom. 


Figure-1: Studied rivers and surveyed stations 
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Materials and Methods 


Sampling sites of the diatomic Flora Studied: 

The watershed of Sebou covers two main plains of 
the country, the plain of Sais and the plain of Gharb; his 
watershed is known by a pollution of order organic and 
mineral caused by landfills urban and industrial of large 
urban agglomerations located on the borders of the 
rivers (Abdellaoui, 1990, Azzawi, 1999). It is subdivided 
into three parts: top Sebou, medium Sebou and low 
Sebou. This last part is crossed by Oued Beht and 
Oued R'dom that potentially are loaded by pollutants 
that come from human agglomerations and industrial 
facilities located at the level of many cities such as 
Meknes, Sidi Kacem, Khemisset, Sidi Slimane and Dar 
Gueddari (Fekhaoui et al., 1996). Oued R'dom, receives 
the urban wastewater and/or industrial of many human 
agglomerations such as the cities of Meknes and Sidi 
Kacem. Oued Beht crosses several cities and urban 
agglomerations such as Sidi Slimane and Sidi Yahia. 
Thus, for these two courses of water, the phenomenon 
of pollution constitutes a direct threat to the aquatic 
environment and indirectly for the living beings plants or 
animals. It is therefore of a capital interest to assess 
biodiversity to the levels of these two rivers. Thus, by 
the present work, we contribute to the determination of 
the specific structure of the diatom communities in three 
sites of Beht river (BI, B2 and B3) and three in sites of 
R'dOm river (R1, R2 and R3) (Figure-1). B1 is located 
upstream of Sidi Slimane, B2 exposed directly to 
releases of this same city and B3 to 6 km of B2. R1 is 
located upstream of S. Kacem, R2 exposed directly to 
releases of this same city, and R3 to 6 km downstream 
of the same city. 


Method of sampling and systematic 
determination of harvested taxons: 
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Sampling techniques: 

The sampling was conducted in May 2014. Its 
treatment and lts determination have been made 
following the methods granted by the Cemagrf : 
> The upper face of one or several stones submerged 

in the fast part of the water stream is brushed and 

rinsed by the water of the river by a brush with large 
bristles of nylon on a surface of about 200 cm’. 

Then, the whole of the rinça is collected in a bottle of 

250 ml. 
> Inthe absence of stones, various artificial substrates 

may be placed in each station. And then, after one 

month, we have proceeded in the same manner as 
previously. 

> Fasten with 10 ml of formaldehyde to 10%, either 
directly in the field or as soon as the return to the 
laboratory. 

Then, the sample is treated with the oxygenated 
water in order to destroy the organic matter present in 
the frustule which prevents a better determination of the 
species to the optical microscope. It is then treated with 
hydrochloric acid to eliminate the maximum of 
carbonates present. 


The Determination of the species: 

The systematic determination of the harvested taxa 
has been carried out on the basis of the work of 
Bourrelly (1968) and on various previous works 
including those of Fawzi et al. (2001, 2002). 


Biological Diversity Evaluation of diatomics in 
the prospected sites: Specific richness, 
Diversity index of Shannon-Wiener and 
Equitability: 

Evaluate the biological diversity of a site is a 
complex operation, but there are simple indicators of 
this biodiversity such as the number of species present, 
the number of individuals for each species, the relative 
abundance of each species in relation to the total 
number of individuals of the present species. 


Specific richness 
The specific richness (RS) (or diversity alpha, beta, 
or gamma) is a measure of the biodiversité of all or part 
of an ecosysteme; it designates the total number of 
espèces (of a given taxa) present in an environment. 
RS = Sum of species living in a given biotope ; but 
often, it is used for a limited to species of a single 
group zoological 
The idea behind this index is that the diversity of a 
community is similar to the amount of information in a 
code or message. It is calculated in the following way: 
’=-> (ni/ N) . Log; (ni/ N) 
where pi is the proportion of individuals found in 
species i. For a well-sampled community, we can 
estimate this proportion as pi = ni/N, where ni is the 
number of individuals in species i and N is the total 
number of individuals in the community. Since by 
definition the “pi” will all be between zero and one, the 
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natural log makes all of the terms of the summation 
negative, which is why we take the inverse of the sum. 


Equitability: 

The equitability constitutes a second fundamental 
dimension of diversity, (Ramade 1984). According to 
Dajoz (1995), It is the distribution of the number of 
individuals per species. It is the ratio between H’ and 
the maximum diversity (Hmax) and, it is expressed as 
follows: 

E= H’ / Hmax 
Hmax= Logp (S) 
S = total number of species 


RESULTS & DISCUSSION 


We have identified 93 species and varieties of 

species belonging to 11 orders of which the most 
represented by families are the order of the Naviculales 
(5 families) and the order of the Cocconeidales (2 
Families) (Table-1). The other orders do account that 
each family. 
In total 17 families are identified, which are subdivided 
into 25 genera. The families of Fragilaceae, 
Gomphonemataceae, Naviculaceae, Bacillariaceae, 
Achnanthaceae have two genera each. Other families 
are represented by only one genus each. 

The genera the richer in species are Nitzschia (18 


species), Navicula (13 species), Gomphonema (13 
species), Achnanthes (7 species), Cymbella (5 
species), Amphora (4 species) and Cyclotella (4 


species). The other genera have less than 4 species 
each. But, 13 genera have everyone a single species or 
varieties of species each such as Pseudostaurosira, 
Staurosira, Reimeria, Naviculadicta, Sellaphora, 
Pinnularia, Eolimna, Mayamaea, Hantschia, Platessa, 
Acanthidissa, Psammoyhidium and Stephanodiscatuse 

Concerning the specific richness and the taxonomic 
structure of diatoms of each of the stations explored 
and we noted: 


- B1: 

In this Station, we have identified 59 species, sub- 
species, and varieties of species that are systematically 
belonging to 20 genera, 14 families, and 10 orders. As 
well, compared to the taxonomic structure total 
observed in the six stations explored, in the station B1, 
6 systematic genera (Reimeria, Naviculadicta, 
Mayamaea, Achnanthidium, Psammothidium and 
Stephanodiscacus), two families (Achnanthidiaceae and 
Stephanodiscaceae) and 1 order (Stephanodiscales) 
are not represented by any species. 

The genera Navicula and Nitzschia are the most 
represented in species and the most abundant species 
are fragilaria ulna, gomphonema clavatum, 
gomphonema olivaceum var. Olivaceum, gomphonema 
pumilum, Cymbella affinis, amphora venata, Cyclotella 
radiosa, Cyclotella pediculus, craticula acomoda, 
achnanthes hauckiana var. Hauckiana and achnanthes 
minutissima var: Jackii. 
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- B2: 

In this second station of Beht, we have identified 51 
species, sub-species and varieties of species that are 
systematically belonging to 19 genera, 15 families and 
10 orders. As well, in relation to the taxonomic structure 
total observed in the six stations explored in the station 
B2, 6 genera systematic (Fragilaria, Pseudostaurosira, 
Staurosira, Eolimna, Hantzschia and Psammothidium), 
one family (Fragilariaceae) and 1 order (Fragilariales) 
has no species. 

It should also be noted that Navicula, Nitzschia and 
Gomphonema are the genera most represented in 
species. Then, the most abundant species are: 
Gomphonema productum, Amphora libyca, Amphora 
ovalis, Navicula cincta, Navicula cryptocephala, 
Pinnularia gibba and Achnanthes hauckiana var. 
Hauckiana. 


- B3: 

In this station located 6 km downstream of B2, we 
have identified 44 species, sub-species and varieties of 
species that are systematically divided into 18 genera, 
14 families and 9 orders. As well, compared to the 
taxonomic structure total observed in the six stations 
explored in the station B3, 7 systematic genera 
(Reimeria, Naviculadicta, Sellaphora, Mayamaea, 
Hantzschia Platessa and Stephanodiscacus), two 
families (Sellaphoraceae and Stephanodiscaceae) and 
1 order (Stephanodiscales) are not represented by 
species. The genera Navicula and Nitzschia are the 
most represented in species. While, the most abundant 
species are: Cymbella sinuata, Navicula cryptocephala, 
Navicula minisculus var.minisculus, Nitzschia 
sublinearis and Surirella angusta. 


- R1: 

We have identified 53 species, sub-species and 
varieties which are systematically divided into 20 
genera, 14 families and 10 orders. As well, compared to 
the taxonomic structure total observed in the six 
stations explored, in the station R1, 4 genera 
systematic (Naviculadicta, Mayamaea, Achnanthidium 
and Stephanodiscacus), 1 Family (Stephanodiscaceae) 
and order (Stephanodiscales) have no species. The 
genera Navicula and Nitzschia are the most 
represented in species. And, the most abundant 
species are: Fragilaria capucina var. Capucina, 
Gomphonema parvulum var. Parvulum, Amphora 


ovalis, Cyclotella radiosa, MNavicula cryptotenella, 
Navicula minisculus var. Minisculus, Nitzschia 
capitellata, Platessa conspicua and Cocconeis 
pediculus. 

- R2: 


In this station, exposed to urban and industrial 
discharges of Oued R'dOM, we have identified 41 
species, sub-species and varieties of species. These 
taxa are systematically belonging to 17 genera, 13 
families and 9 orders. In relation to the taxonomic 
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structure total observed in the Stations explored, 6 
genera systematic (Pseudostaurosira, Staurosira, 
Cyclotella, Sellaphora, Eolimna and Achnanthidium), 2 
families (Stephanodiscaceae and Sellaphoraceae) and 
1 order (Stephanodiscales) are not represented by 
species. The genera Navicula, Nitzschia and 
Gomphonema are the most represented in species. 
While, the most abundant species are: Fragilaria ulna, 
Gomphonema truncatum, Amphora pediculus, Navicula 
cryptocephala, Navicula cryptotenella and Achnanthes 
minutissima var: Jackii. 


- R3: 

Located 6 km downstream from R2, the diatomic 
flora of this station is composed of 44 species, sub- 
species and varieties of species, which are 
systematically, distributed betweeni6 genera, 12 
families and 9 orders. As well, compared to the 
taxonomic structure total the algal flora identified in the 
three stations, 9 systematic genera (Cymbella, 
Thalassiosira, Naviculadicta, Sellaphora, Mayamaea, 


Hantzschia, Platessa, Psammothidium and 
Stephanodiscacus) 4 families | (Cymbellaceae, 
Thalassiosiraceae, Sellaphoraceae and 


Stephanodiscaceae) and 2 Orders (Thalassiosirales 
and Stephanodiscales) have no species. Navicula, 
Nitzschia and Achnanthes are the genera represented 
in species. While the most abundant species are: 
Gomphonema truncatum, Navicula capitatoradiata, 
Navicula cryptocephala, Navicula subminiscula, 
Nitzschia dissipata var. Dissipata, Amphora pediculus, 
Navicula cryptocephala, Achnanthes lanceolata var: 
Lanceolata and Cocconeis pediculus. 

Furthermore, both in Oued R"dom and Oued Beht, 
the Taxonomic wealth decreases slightly from upstream 
to downstream of the studied parts of the two courses 
of water. In addition, in Oued R'dom, this wealth is 
slightly higher in R1 than in R2 and R3, and It does not 
differ significantly between R2 and R3. Also, according 
to the stations explored in the same course of water 
and according to the stations explored in the two 
studied streams, the results show a clear difference in 
the abundance of species. In species, the richest 
genera are those of Navicula and Nitzschia in B1 and 
R1, Navicula and Nitzschia and Gomphonema in the 
Stations R2, and B2, Navicula and Nitzschia and 
Achnanthes in R3. 

In addition, the diatomic flora harvested to the levels 
of the parties of the rivers studied is therefore 
taxonomically rich and diverse. This diversity differs 
from one station to another and it is so for the 
abundance of species. Concerning the explanation of 
this difference, it is known that the different species of 
diatoms respond differently in quantity and quality to the 
different environmental conditions of the biotope in 
particular to its degree of organic pollution and 
eutrophication, its richness in trophic elements and to 
other variables such as the physicochemical 
composition of the environment (Kobayasi and 
Mayama, 1982 ; Round, 1991 ; Van Dam et al., 1994 ; 
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Kelly and Whitton 1995 ; Biggs and Kilroy, 2000 ; 
Potapova and Charles, 2003 ; Lobo et al., 2004, 1996). 
Thus, according to the conditions offered by such or 
such biotope, certain species or groups of species, can 
prosper or avoid these conditions (Taurai and Tundisi, 
2011 ; De Almeida, 2001). For examples, the 
conductivity and the chemical oxygen demand (COD) 
influence much the specific structure of diatomic 
communities of hydrosystémes. Similarly, the diversity 
of structure of the gravel of the course of water could 
influence the structure of the diatomic communities. 
Indeed, many other authors (Roude, 1991 ; Patrick and 
Hendrickson ;1993 ; Potapova and Charles ; 2005 ; 
Fisher and Dunbar, 2007; Taurai and Tundisi, 2011) 
have indicated that the qualitative and quantitative 
composition of taxonomic communities of benthic 
diatoms varies according to the nature of the biotope 
substrate (sand, rock immergée or emergent 
macrophytes) because the species are better adapted 
to a substrate that other substrates. It should be noted 
that among the algal flora that we harvested, there are 
some species that tolerate an organic or metallic 
pollution; so they thrive in environments rich in organic 
material having a low rate of dissolved oxygen. 

We quote some species of the genus Cyclotella, 
Cyclotella meneghniama, Gomphonema parvulum, 
Nitzschia palea and Sellaphora pupula (Round, 1991 ; 
Van Dam et al, 1994 ; Biggs and Kilroy, 2000; 
Potapova and Charles, 2003; Duong et al., 2006 ; Eirb 
and Tundisi, 2009). Similarly, N. Palea has been 
described as an abundant species of environment very 
polluted and eutrophic (Lange-Bertalot, 1979 ; Kobayasi 
and Mayama, 1982 ; Lobo et al., 1996). This last 
species and Gomphonema parvulum have been 
described by Kelly and Whitton (1995) such as species 
tolerant to eutrophication and resistant to heavy metal 
pollution. 

According to Taurai and Tundisi (2011), and 
Beyene et al. (2009), some species that we have 
harvested in the prospected sites are resistant to 
pollution and can live even in the polluted 
environments, we include Nitzschia palea, Cyclotella 
meneghiniana, Gomphonema parvulum and Sellaphora 
pupula. However, among these taxa, Nitzschia palea is 
regarded as one of the best indicators of organic 
pollution Kawecka (1981), which also dominates in the 
waters which are very rich in nitrogen (Turoboyski, 1973 
; Schoeman, 1976) and which is usual in waters 
contaminated by discharges worn domestic (Besch 
Andeet al., 1972 ; Kawecka, 1981). Similarly, according 
to Larras et al. (2014), Nitzschia palea is a common 
species which is resistant to organic pollution and to 
certain herbicides. For the species of the genus 
Cymbella, ecological conditions or favorite supported 
differ according to the authors. They are reported in 
waters rich in oxygen and mineralized little (Schoeman, 
1976) ; it grows very well in the clean water (Kawecka, 
1981) and in of oligotrophic waters (Cholnoky, 1970) 

Furthermore, according to Van Dam and al. (1994), 
and Larras at al. (2014), many species belonging to the 
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Fargilariales, Naviculales, Achnanthales and 
Cyclotellales do not resist all to a same degree of 
pollution by pesticides. Some are sensitive to herbicides 
and other can withstand an average pollution of the 
environment by herbicides. The presence and 
abundance of other species are associated with a high 
nutritional enrichment such as  Achnantidium 
minutissima; other species can be considered as 
indicators taxa of the nutrient quantity of the biotope 
(Potapova and Charles, 2007). For Achnanthes 
lanceolata, it frequents waters which are not too rich in 
organic matter but rich in mineral substances 
(Backhaus, 1968a). Other species or varieties of 
species characterize of the watermarking a final phase 
of the self-purification of the water course (Butcher, 
1947) or of oligotrophic waters (Schoeman, 1973) such 
as Amphora veneta and Gomphonema 
angustatumOther species have a wide ecological 
spectrum such as Cymbella ventricosa (Kawecka, 
1981), Navicula cryptocephala (Archibald, 1971), 
Cocconeis placentula and Gomphonema parvulum that 
can live in polluted water or clean water (Kawecka 
1981). 

Furthermore, according to Larras (2014), the 
systematic relatedness of species belonging to the 
same taxonomic group may play as a factor of the 
determination of the degree of the ability to withstand 
the adverse action of an ecological factor of 
environment but the degree of this intervention is low. 

In addition, in Oued Beht, as shown in table Il, the 
diversity indices H' of the three stations explored B1, B2 
and B3 do not show important differences. But for the 
stations which are situated upstream of the cities 
studied, B1 and R1, the specific wealth are higher than 
those of the stations that are located downstream. This 
low difference of H' of some explored stations could be 
explained by a large number of species identified in 
each of these stations and the low variance in the 
number of species or varieties of species according to 
th stations. 


Table-2. H', Hmax and E noted to the levels of the 
stations explored 


Oued Beht Oued R'dOM 
B1 B2 B3 R1 R2 R3 
H' 5,483 |5,181 |5,178 |5.386 |4,922 | 5.20 
Hmax | 5,883 |5,601 15,459 {5,700 |5,358 |5,459 
E=H'/ 
Hmax 0,932 10.923 |0,948 |0.944 |0,919 |0.953 


For the index of the equitability, remember that this 
index determines, either the approximation or the 
distance between H' and Hmax. This aspect is an 
indicator of the diversity, due to the approximation of 
diversity index of the value 1, or the remoteness de this 
value. The results show that for each of the streams 
studied values the equitability which are slightly more 
low have been noted in the stations that are more 
exposed to urban and industrial discharges of cities, 
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either B2 for Oued Beht and R2 for Oued R'dom. Also, 
note that this low variation of the values of the 
equitability does not show the importance of the 
qualitative variation of the taxonomic structure of the 
stations explored. 


Conclusion 


The diatomic flora harvested is specifically rich but it 
digitally is poorly distributed among the genera, 
families, the orders and the sub-classes. For this 
systematic imbalance, the difference of ecological 
conditions required by each of the species and varieties 
of species seems to be the main cause. Indeed, it is 
known that for the diatoms, these are the 
physicochemical conditions preferred or required by the 
various taxa that determine the specific structure of 
diatomic communities. In the two streams studied, 
Navicula and Nitzschia are the genres that are 
spécifiquent very present in the Stations explored. 
However, the list of the species most abundant differs 
from one station to another. This could be explained by 
the ability of each taxon systematically to prefer, to 
bear, or to avoid some ecological conditions such 
prevailing in the environment. For each course of water 
from the rivers studied, the diversity indexes H' and the 
équitabilty “E” noted in the stations explored B1, B2 and 
B3 do not show important differences. The difference 
affects rather the richness in species and taxonomic 
structure in these stations. 
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